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The relationship between vertebrates and the principal
model invertebrates — fruitflies and nematodes — is
unclear. A fly–nematode grouping was becoming
widely accepted, but recent comparisons of their
genomes argue against this and link flies with the
vertebrates instead.
One of the most important applications of research into
model organisms such as the fruitfly Drosophila
melanogaster and the nematode Caenorhabditis elegans
is the extrapolation of findings about their biology to
other species, perhaps most importantly to vertebrates
such as ourselves. In order to make such inferences as
rigorous as possible, however, it is important to know
the pattern of relationships between the species
involved. Considering the importance of this question,
it is surprising that there is no consensus over how flies,
nematodes and vertebrates are related to one another,
and this state of affairs is all the more remarkable con-
sidering just how much we know about all three
species. Recent phylogenetic analyses [1] comparing
their completely sequenced genomes suggest a return
to traditional views of their relationships.
For many years, most zoologists considered arthro-
pods such as fruitflies to be more closely related to the
vertebrates than to the nematodes. This possibility — the
Coelomata hypothesis — is predicated on the assump-
tion that the mesoderm-lined body cavity, or coelom,
shared by arthropods and vertebrates, as well as by
other phyla including annelids and molluscs, has a
common origin. In contrast, the Introverta [2], the group
of worms that includes nematodes (Figure 1), have a less
sophisticated body cavity called a pseudocoelom. 
For many years, the alternative hypothesis — that
arthropods are more closely related to nematodes
than to vertebrates — had few followers. But in 1997,
careful analyses of small subunit ribosomal RNA (SSU)
sequences upset this status quo, claiming strong
support for an arthropod/nematode relationship [3].
According to this school, the arthropods and introver-
tans are linked in a group called the Ecdysozoa by the
shared characteristic of periodic moulting of their
cuticle, or ecdysis.
Following the SSU work, further studies claimed
support for the Ecdysozoa hypothesis. Phylogenetic
comparisons of Hox genes [4], large subunit rRNA (LSU)
[5] and myosin gene sequences [6] all corroborate the
ecdysozoan clade, as does the more esoteric demon-
stration of the presence, peculiar to ecdysozoan
nervous systems, of an epitope recognised by an 
anti-horseradish-peroxidase antibody [7]. A multimeric
form of the typically monomeric protein β-thymosin,
supposedly unique to nematodes and arthropods [8],
has recently been found elsewhere [9], but this finding
does not contradict what seems to be a widespread
acceptance of the Ecdysozoa hypothesis.
A moulted cuticle is not the only similarity between
the Arthropoda and the Introverta that is consistent with
the Ecdysozoa hypothesis. The diagnostic introvertan
mouth cone (introvert) is also seen in the tardigrades
(water bears), a basal arthropod group, as well as
certain arthropod fossils. Furthermore, both Arthropoda
and Introverta lack a primary larva and external ciliation
(reviewed in [10]).
Not all evidence points towards the Ecdysozoa
grouping, however. Several studies have compared
sequences from the many genes known from model
organisms to test the Ecdysozoa hypothesis [11,12].
The most recent of these studies [1] benefits from the
complete genome sequences that are now available
from representatives of all three phyla, and is the most
data-rich approach to animal phylogeny to date. From
analyses of more than 500 genes, Wolf et al. [1]
conclude that Coelomata, and not Ecdysozoa, is the
better-supported hypothesis.
The support for Coelomata reported by Wolf et al. [1]
is based on a majority decision. From analyses of indi-
vidual genes using different methods of analysis — for
the initiated, ‘distance matrix’ and ‘maximum likelihood’
methods — the authors found that 53–67% of analyses
support Coelomata and 21–35% support Ecdysozoa
(the remainder support an improbable nematode–ver-
tebrate group). The least support for Coelomata comes
from what one might hope to be their most trustworthy
analyses — those using maximum likelihood. The same
ambiguity comes from analyses of sets of concate-
nated genes deriving from eight macromolecular com-
plexes: ribosomal proteins, RNA polymerase subunits
and suchlike. Five maximum likelihood-based analyses
support Coelomata and three support Ecdysozoa.
One major worry recognised by Wolf et al. [1] is that
the clear support for Coelomata derives, not from an
honest phylogenetic signal, but from the well-known
artefact of ‘long branch attraction’ [13]. Long branch
attraction occurs when unequal rates of sequence
change have existed in different branches of a phylo-
genetic tree. The result is a tendency for most methods
of phylogenetic analysis to group together these long
branches regardless of their true relationship, and also
for long branches to be forced towards the root of the
tree. The relative immunity of maximum likelihood
analyses to long branch attraction is the reason for
expecting them to be the most trustworthy.
The rapid evolution of the C. elegans SSU gene
prompted the search for nematodes with more slowly
evolving sequences, and it was use of these that
provided the first support for the Ecdysozoa. Wolf et al.
[1] show that in the majority of their datasets too, 
C. elegans has evolved faster than fly or vertebrate.
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They addressed the concern about long branch attrac-
tion using simulation. As null hypothesis, they assumed
that Ecdysozoa is correct and asked how often, given
different degrees of branch length inequality, they
should expect to recover Coelomata incorrectly. They
simulated large numbers of sequences evolving
according to a well-supported Ecdysozoa tree, but
gave C. elegans increasingly long branch lengths rela-
tive to fly and vertebrate. Not surprisingly they recov-
ered the ‘wrong’ tree (Coelomata) more often with
longer relative nematode branch length. At any given
nematode branch length, however, the frequency with
which they incorrectly recovered Coelomata was sig-
nificantly lower than the frequency of support for Coelo-
mata in their real data sets. They conclude that the
support for Coelomata in their real data sets cannot be
completely explained by long branch attraction, and
should therefore derive from true phylogenetic signal.
On the face of it, this seems a simple equation: one
series of molecular observations — four genes and the
HRP antigen — supports the Ecdysozoa but the major-
ity of another, much larger data set — 500 genes — sup-
ports the Coelomata. So have Wolf et al. [1] arrived at
the truth? Several important considerations suggest to
me that the Ecdysozoa should not be rejected just yet.
First, I am wary of their use of a well-supported Ecdyso-
zoa tree as the basis for their simulation study. It seems
reasonable to expect that simulated datasets based on
such a tree would have greater resistance to long branch
attraction problems than an average dataset. This
approach might risk underestimating the susceptibility
of the majority of datasets to long branch attraction.
Second, it must be recognised that all molecular
datasets are not created equal. The ribosomal RNA
datasets, although smaller in terms of sampled charac-
ters, are by far the most intensively sampled of any
metazoan gene: over 1700 metazoan SSU sequences
exist, including more than 170 from nematodes. The
ability to avoid long branch attraction through selection
of nematodes with a normal substitution rate is 
precisely what led to the initial support for Ecdysozoa
over Coelomata. 
And third, the most widely accepted version of the
Coelomata hypothesis — arthropods grouped with
annelids within the Articulata [10] — is not supported by
any molecular dataset (there is no complete genome
sequence available for an annelid). If arthropods are
within Coelomata yet not a sister group to annelids, an
alternative scheme of coelomate relationships needs to
be developed. What biological plausibility this might
have is anyone’s guess.
Since it was first mooted, the Ecdysozoa hypothesis
has made increasingly good biological sense. Until the
impressive results of Wolf et al. [1] are corroborated by
data from additional taxa — perhaps priapulids and
annelids — the Ecdysozoa hypothesis remains viable.
Ironically, it is the chief virtues of C. elegans — sim-
plicity and a rapid life cycle — that are likely to have
resulted in the rapid evolution that has made it such an
awkward subject for phylogeny.
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Figure 1. Two possible trees relating the
vertebrates, arthropods and introvertans. 
Above is the Coelomata tree, in which
arthropods are more closely related to ver-
tebrates than to introvertans including
nematodes. Below is the Ecdysozoa tree,
in which arthropods are closer to introver-
tans than to the vertebrates. Members of
the Introverta are labelled. Characters
shared by arthropods and nematodes
must also have been present in their
common ancestor. If the Coelomata
hypothesis is correct, the arthropod/nema-
tode common ancestor ‘A’ also gave rise
to the vertebrates meaning that any arthro-
pod/nematode-shared character also
existed in the lineage leading to verte-
brates. If the Ecdysozoa hypothesis is
correct, the common ancestor ‘B’ did not
give rise to vertebrates and we can make
no inference about the likely presence of
this character in the vertebrate lineage.
(Introvertan images from [2] Nielsen/OUP
with permission.)
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